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Abstract 
New rules and laws for the electricity sector in Brazil aim to produce severe reductions to the cost of electricity in order to 
reduce the so-called ‘Brazil Cost’. Taking into account those new rules and laws all electricity companies have an 
obligation to improve their processes. Among them the following actions are contemplated: intelligent use of resources; 
expansion of synergies; increase of the efficiency of internal procedures and processes; massive introduction of 
technological innovations; reduction of the amount of compensation paid in lawsuits; reduction of technical losses or losses 
by theft in the case of distribution of the generated energy. If the companies do not make plans and act quickly they will be 
bound to cause their shareholders very high losses of capital, leading to an expressive decrease of interest to invest in the 
sector. The absence of those plans and subsequent actions can also lead to investments in generation and distribution being 
returned to the state, which contributes to an increasing degree of state interference in the economy. In this paper the 
ordered groups of reading power consumption of clients that maximize the profits of a power plant are determined. The 
groups were determined by cluster analysis and their reading consumption groups ordered by making use of the Choquet 
integral. 
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1. Introduction 
Considering the new rules for the electricity sector (Law 12.783 / 2013), which aims large reductions in 
power tariffs in order to reduce the so-called ‘Brazil Cost’. This term, is a generic term used to describe the set 
of structural, bureaucratic, economic difficulties and a set of factors that compromise the competitiveness and 
efficiency of the Brazilian domestic industry which decreases the investments in Brazil, power plants have an 
obligation to improve their processes. Among them it can be mentioned: 
x use of smart features; 
x enlargement of synergies; 
x increase the efficiency of internal procedures and processes; 
x technological innovations; 
x reduction of the amount of compensation paid to legal proceedings; 
x reduction of technical losses or theft (in the case of distribution); 
x default combat (in case of distribution). 
If it not occurs it will cause millionaire damage to its shareholders, making it with low interest to private 
capital business, and the generation and distribution will return to the state, causing increasing state 
interference in the economy. This paper aims to use the intelligent use of resources, technological innovations 
and increased efficiency of internal procedures to optimize the number of readings per location in a given 
power company. The cluster analysis was used to determine the groups by location and the Choquet integral 
was used to prioritize these groups, Sugeno [1], Grabisch [2]. 
The main idea is to determine optimal groups in the sense that the first group has the highest turnover among 
all groups maximizing cash flow and the operation in a power plant industry. The readings of power 
consumption take place monthly according to a schedule. All customers without exception are read. The 
reading is done by lists, each list comprises up to four hundred clients (limitation of the equipment). Lists of 
hundreds compose a town and dozens of villages make up a group. Considering the existence of twenty groups 
for financial reasons and cash flow the ideal is to receive the greatest amount as soon as possible, so it would be 
good if the first group has the largest volume revenue while the twentieth has the lowest volume of revenue. 
As an example, when analyzing the median of total revenues per customer for the past eighteen months, all 
groups are "out of place" that is, they are not in their correct position in relation to their revenue. It can be seen 
in figure 1 that group 20 is the last reading and its revenue is received on the month turnover and the group 14 
which revenue is lower is received within the same billing month, causing a loss of more than R$ 1 million. 
 
 
Fig.1. Actual Revenue Per Group 
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2. Cluster Analysis 
According to Fávero et al [3], clustering analysis is a: "... technique of interdependence that allows group 
cases or variables into homogeneous groups according to the degree of similarity between them. The main 
technical idea is to group objects based on their own characteristics, seeking thereby the natural structure of 
these objects. 
In this paper it was used the Density-Based Spatial Clustering of Applications with Noise (DBSCAN) 
Martin [4], Ester [5],  that is a data clustering algorithm in some space that groups together points that are 
closely packed together (points with many nearby neighbors), marking as outliers points that lie alone in low-
density regions (whose nearest neighbors are too far away). Figure 1 shows an example of this technique. 
 
Fig.2. An example of DBSCAN-adapted from Martin (1996) 
In this paper it was used three variables to represent the geographic coordinates of a city: the street name, 
latitude and longitude in order to create groups (clusters). Using K-Means method it was determined a total of 
14,441 groups that had very different sizes, dozens with over a thousand customers and hundreds with just one 
member and 6,900 customers without group. To solve this problem, it was used density-based algorithms. It 
was desirable that all customers of the same street belong to the same group. 
As the equipment had the restriction of reading four hundred customers, the company managers decided for 
groups between 50 and 100 consumers. It was necessary to divide large groups in smaller ones.  
This division was made by considering latitudinal and longitudinal variance present in the group being 
targeted. As variance is a measure of dispersion that determines how far the value of the items is the average 
value of the group, a group with high variance in latitude indicates that it is a group whose latitude varies 
widely. If a group whose length has high variance means a group that the length varies greatly. So, it was taken 
the division between percentiles for group split in equal parts considering those with higher variance and it was 
obtained 20,829 groups. It was obtained extremely small groups, that is, groups with less than fifty elements so 
the algorithm was run again to associate the very small groups with other groups in their neighborhoods so that 
an undesired group was incorporated to the nearest desired group. Proximity measures were generated through 
the nearest element of each group and it was determined 8,600 groups. 
3. The Choquet Integral as a Ranking Model in the Unipolar Scale 
The Choquet integral makes use of fuzzy measures. Those measures are very important for problems that 
require reliability (in a sense that an element belongs to a set) and plausibility which is dual to reliability. The 
fuzzy measures also assign different degrees of importance to preferences and verify whether the criteria are 
met. 
Following Grabisch [6], consider the set nXXXX uu .....21  of feasible alternatives. The decision maker 
has preferences with respect to X that are expressed by a binary relation of the type ؼ. 
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Now consider the function that is given by 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tot , where F is the Choquet 
integral and niSXii ,...1,:  oP  are aggregation functions.  RS is a scale that represents the decision maker’s preferences. 
There are two types of scales: the first scale, the limited unipolar scale, applies when ]1;0[ S , where zero 
means the absence of a property and 1 means the total certainty about the existence of such a property. In 
modeling, one can affirm the existence in iX  of two elements that have the notations iU and iP , where iU  
is 
an element of iX  that represents the complete dissatisfaction of the decision maker and iP  
represents his 
complete satisfaction, then   0 ii UP  and   1 ii PP . The second scale, the unlimited unipolar scale, 
applies when  RS . This scale serves to represent the priorities and relative importance. For convenience, 
we use the notation   1 ii SP .  
According to Sugeno [7], the function Ru N o2:  is a capacity if 0)(  Iu . A capacity µ that satisfies 
BABA d ),()( PP  is a fuzzy measure. This fuzzy capacity is normalized if 1)(  NP , where N is the set of 
natural numbers. The fuzzy capacity is additive if, for all disjoint sets NBA , , one has 
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The formal definition of the discrete Choquet integral in a unipolar scale can be defined as: Let 
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To construct an example, assume that the scores of 4 students in 3 subjects are as shown in Table 1. 
Table 1. Students’ evaluations in 3 subjects  
 Alternatives 
Criterion Student A Student B Student C Student D 
Subject 1 4 3 1 2 
Subject 2 6 5 6 5 
Subject 3 3 5 3 2 
 
The dean of the school wants to give a full scholarship to a student by sticking to the following rule: every 
chosen student must be good in subjects 1, 2 and 3 (exactly in this order, that is subject 1 is more important 
then subject 2 and subject 2 is more important than subject 3) (i.e. 321 SubjectSubjectSubject ;; ).  
The ordering of these 4 students can be determined by using the Choquet integral as shown in table 2. The 
steps below are then followed. 
Step 1 – Determining the fuzzy measures 
A fuzzy measure indicates the degree of evidence that an element belongs to a set. It was used a 2-additive 
model and Shapley-Schubik index to determine the fuzzy measures. 
For example, considering three subjects in this order 321 SubjectSubjectSubject ;; . The fuzzy measures 
used in this example were: ^ `  13,2,1  P ,   0 IP , ^`  35.01  P , ^ `  02  P , ^ `  03  P , ^ `  34.02,1  P , ^ `  03,1  P , ^ `  33.03,2  P . 
Step 2: Calculating the Choquet integral 
These calculations are performed by summing the values along each column. This sum gives the values of 
the Choquet integral. The ranking of the alternatives that are provided by the Choquet integral is then obtained 
by ordering these alternatives from the highest to the lowest values. The results are presented in Table 2. 
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Table 2. Ranking obtained by using the Choquet integral in the unipolar scale  
 Alternatives 
Criterion Student A Student B Student C Student D 
Subject 1 ^` 
4.135.04
14
 
 P  ^` 
05.135.03
13
 
 P  ^`  35.01  P  ^`   7.035.02
12
 
 P  
Subject 2 ^ ` 
  68.034.046
2,12
 
 P
 
^ ` 
  68.034.035
2,12
 
 P
 
^ ` 
  7.134.016
2,15
 
 P  ^ `   02.134.025
2,13
 
 P  
Subject 3 ^ ` 
99.033.03
3,23
 
 P  ^ `  03,2)55(   P  ^ `   99.033.03
3,2)36(
 
  P  ^ `   99.033.025
3,27
 
 P  
Choquet 
integral 1.4+0.68+0.99= 
3.07 
1.05+0.68+0= 
1.73 
0.35+1.7+0.99= 
3.04 
0.7+1.02+0.99= 
2.71 
Ordering 1 4 2 3 
 
The resulting order is: BStudentDStudentCStudentAStudent ;;; . This arrangement means that 
Student A is preferable to the other students. 
4. Case Study 
The data base here considered was obtained from a power plant industry located in Fortaleza City that is a 
capital of Ceará state in the northeast of Brazil. Fortaleza has been chosen because of its low production in 
reading energy consumption of clients, compared with two other great cities in Brazil: Rio de Janeiro and 
Niterói as presented in figure 3. 
 
 
Fig.3. Fortaleza’s energy consumption of clients, compared with two other great cities.  
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The scope of this paper was to determine ordered groups of customers that maximize its profits. The groups 
of customers were extracted by cluster analysis to form twenty batches and their reading consumption power 
was ordered by Choquet integral.  
In this paper it was considered the following activities executed in the company: 
• Customer reading consumption; 
• Revenues of readings; 
• Power cut; 
• Replacement of energy for a customer. 
These activities comply with a billing schedule. Reconnection is a special case, it alone is not schedule 
dependent, but is derived from the cutting service which in turn is dependent on the billing schedule. In table 4 
is presented an example of a schedule in October/November 2014. 
Table 3. Example of billing Schedule in October/November 2014 
Batch Reading Power consumption 
day 
Payment Day Power cut day 
1 3 10 20 
2 6 13 21 
3 7 14 22 
4 8 15 23 
5 9 16 24 
6 10 17 27 
7 13 20 28 
8 14 21 29 
9 15 22 30 
10 16 23 31 
11 17 24 3 –Nov 
12 18 24 3 
13 20 27 4 
14 21 28 5 
15 22 3 6 
16 23 3 7 
17 24 4 10 
18 27 4 11 
19 28 5 12 
20 29 5 13 
 
Each group is read in a day of the month, there being many ranges that are unrelated to the weekend; 
• Approximately fifteen days after that the group was read it becomes fit to cut; 
• The groups 1-14 maturity occurs within the same month; 
• From groups 15-20 maturity occurs in the following month. 
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It is important for financial reasons and cash flow that the company receives the greatest amount as soon as 
possible, so the ideal would be that the first group has the largest amount of revenue and the last group has the 
lowest volume of revenue. 
Nowadays the company has the following design, presented in table 4. 
Table 4. Actual company planning 
Batch number of customers % of customers median of earnings % median of earnings 
1 52.010 5.22 7.427.196,38 8.26 
2 46.221 4.64 5.299.054,92 5.89 
3 48.594 4.87 5.549.789,96 6.17 
4 51.682 5.18 4.759.131,92 5.29 
5 53.754 5.39 5.430.668,78 6.04 
6 51.841 5.20 4.401.885,26 4.89 
7 49.059 4.92 4.491.578,89 4.99 
8 49.766 4.99 4.217.556,01 4.69 
9 50.222 4.04 4.100.027,40 4.56 
10 49.424 4.96 4.277.844,36 4.76 
11 50.356 5.05 3.993.044,09 4.44 
12 50.529 5.07 4.076.728,06 4.53 
13 54.145 5.43 3.856.776,53 4.29 
14 46.119 4.63 3.526.554,48 3.92 
15 49.005 4.92 3.658.378,01 4.07 
16 48.630 4.88 3.803.846,55 4.23 
17 47.509 4.77 3.826.268,77 4.25 
18 49.183 4.93 4.222.841,06 4.69 
19 49.481 4.96 4.373.889,05 4.86 
20 49.426 4.96 4.662.040,27 5.18 
Total 996.956 100.00 89.955.100,76 100.00 
batches 1 to 14 703.722 70.59 65.407.837,04 72.71 
batches 15 to 20 293.234 29.41 24.547.263,71 27.29 
 
In this paper the decision matrix had each column defined by twenty batches random generated from the 
8,600 groups determined by cluster analysis and its lines defined by criteria. The considered criteria were 
defined by the decision makers which were: 
x Criterion 1 - balance of  batches - all batches must have approximately the same amount of customers; 
x Criterion 2 - positioning of batches -  all batches should preferably obey the order total billing, where the 
batch that adds the greatest value should be batch 1 and the less amount billed be batch 20; 
x Criterion 3- total billed from the batches 1 to 14-  it is extremely important to the company that greater 
billing batches find themselves with maturity within the same month; 
x Criterion 4- distance between batches-   reading schedule / billing / cut -to have operational gain for cut and 
reconnection services the ideal is that the batches that are close in the billing schedule could be physically 
close. The fuzzy measures were obtained by using fuzzy logic to obtain a different importance value for 
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each batch. For criteria 1 and 2 it was used twenty Gaussian membership functions (one for each batch) 
[8],[9]. For criterion 3 it was used  one triangular membership function which peak represents the highest 
revenue group, considering all possible combinations of the twenty groups random generated from the 8,600 
groups determined by cluster analysis; for criteria 4 it was used  forty Sigmoid membership function (two 
for each group) As an example, it was used  Gaussian membership function to determine if a batch 
considered in a random set of twenty batches is balanced (criterion 1) and it was compared with its position 
related to its billing (criterion 2). 
The same has been done for the other criteria. An example for a balanced batch compared with its position 
related with its billing is illustrated in table 5. 
Table 5. An example of fuzzy measures of each batch considering balanced position (criterion 1) and  its position related to billing 
(criterion 2). 
Batch actual 
position 
Batch position in relation to its 
billing 
Batch fuzzy 
measure  
1 8 0 
2 5 0.36 
3 2 0.89 
4 10 0.02 
5 12 0 
6 6 1 
7 9 0.63 
8 3 0.06 
9 1 0 
10 7 0.36 
11 13 0.63 
12 17 0.06 
13 18 0.06 
14 20 0.02 
15 15 1 
16 11 0.06 
17 14 0.36 
18 16 0.63 
19 19 1 
20 4 0 
 
Millions of data were taken to be analysed in this paper using twenty random batches and for each it was 
calculated the Choquet integral by multiplying its fuzzy number and the percent of its quantities. Table 6 
presents the results for equilibrium criteria. 
Table 6. Results of Choquet integral for equilibrium criteria 
Batch Number of clients Choquet integral 
batch 01 39709 0.8411 
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batch 02 40267 0.8566 
batch 03 50123 1.0000 
batch 04 51023 0.9983 
batch 05 60200 0.8437 
batch 06 55100 0.9584 
batch 07 56400 0.9353 
batch 08 63257 0.7504 
batch 09 42233 0.9061 
batch 10 52424 0.9904 
batch 11 48973 0.9983 
batch 12 49221 0.9990 
batch 13 41002 0.8761 
batch 14 43123 0.9256 
batch 15 55987 0.9431 
batch 16 47964 0.9932 
batch 17 51099 0.9980 
batch 18 52987 0.9855 
batch 19 47650 0.9910 
batch 20 48214 0.9948 
 
The same was done for all criteria. 
5. Results 
The obtained results do not have the ideal geographical distribution of the lots, that is, there are few 
proposals whose schedule neighbors are neighbors geographically.  
In terms of revenues and sales the best proposal presented a total to the Lot of R$ 71.203.500,00 around 
R$ six million better than the current situation. Final results are presented in table 7. 
Table 7. Best proposal results 
Lots Clients Value 
1 57.822 R$ 3.802.840,00 
2 57.752 R$ 3.566.410,00 
3 63.922 R$ 5.902.490,00 
4 51.688 R$ 5.484.470,00 
5 46.944 R$ 6.551.710,00 
6 47.328 R$ 7.471.470,00 
7 46.056 R$ 10.205.800,00 
8 43.623 R$ 3.687.300,00 
9 44.646 R$ 3.231.560,00 
10 57.446 R$ 7.714.750,00 
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11 44.413 R$ 3.875.970,00 
12 42.461 R$ 2.741.610,00 
13 49.550 R$ 2.945.490,00 
14 45.996 R$ 4.021.680,00 
15 46.246 R$ 3.376.200,00 
16 45.101 R$ 2.598.420,00 
17 46.697 R$ 3.158.310,00 
18 50.303 R$ 2.550.550,00 
19 62.417 R$ 3.316.360,00 
20 51.314 R$ 3.732.350,00 
 
For financial reasons and cash flow the companies want receive the highest financial volume as soon as 
possible, so the ideal would be that the first batch has the highest revenues and the twentieth batch has the 
lowest revenue. The methodology of this paper has improved the operational gain for the disconnection and 
reconnection services. 
6. Conclusions  
The methodology presented in this paper has maximized the cash flow of the company since it has increased 
more than two million dollars by determining a new order of reading energy consumption and new customers 
groups. These new groups have to pay their bills in the actual month. These new groups are located near each 
other minimizing operational work of the company in terms of rewire the light if a customer does not pay its 
bill. 
This method can also be applied when the company that wants to make marketing for its various customer 
profiles or find out frauds and prevent defaulting customers. 
The authors have used neural networks to define batches but the best results were obtained by cluster 
analysis. 
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